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High resolution microwave leaky wave holograms excited by center-fed cylindrical surface wave
launcher show a null at object wave direction which is an undesired effect for electromagnetic beam-
forming. Also, planar leaky wave metasurfaces generating a tilted beam extremely suffer from the
destructive effect of non-forward surface leaky waves at frequencies other than the design frequency
and they are almost operable at a single frequency. Here we propose a 2-D modified hologram config-
uration using parabolic surface reflector to collimate the non-forward leaky modes into the forward
leaky modes. The modified hologram presents null-free radiation pattern and highly improved
operating frequency bandwidth. The consequent frequency bandwidth provides the scannabality
property by frequency variation. The forward mode-dominant surface wave excitation of hologram
lets the metasurface to generate the object beam more precisely; therefore, high directivity all over
the operating bandwidth is obtained. The parabolic reflector lets the radiative surface of the meta-
surface to get shrunken in less than half of the conventional holograms. The concept is verified by
fabrication and experimentally tested confirming the beam maintenance over a reasonable frequency
range and scannability property.
I. INTRODUCTION
Controlling electromagnetic wave and making it to ra-
diate in a desired manner have been always attracting
tremendous attention in applied electromagnetics; the
advent of metamaterials and metasurfaces [1, 2] was a
breakthrough in radiation engineering. Design and engi-
neering of modulated metamaterials to control the scat-
tered [3] or leaked [4, 5] electromagnetic wave have been
raising great attention in recent literatures [6–8]. The
electromagnetic wave can be manipulated through meta-
surfaces to obtain certain properties. Intoduction of
leaky waves in electromagnetics has a great importance
for beam engineering [9]. Power leakage engineering us-
ing metasurfaces based on variables dependent on the
interaction of power generated by surface wave launcher
and the metasurface is an amazing solution to modern
beamforming necessities like frequency-modulated con-
tinuous wave radars. Gabor firstly introduced the the-
ory of holography in optics in 1948 [10]. Holography
was restricted to optical spectrum for many years un-
til Chaccacci proposed the holographic principle for an-
tenna design and microwave regime applicability of the
theory in 1968 [11]. In a sinuously modulated surface
where the modulation process governs by the holographic
principle, the precise knowledge of the surface impedance
on the holographic surface yields exact electromagnetic
fields above the surface. In fact, the waveguide with a
partially reflective interface made of periodic perturba-
tions lets the horizontally guided wave to penetrate off
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the interface to form the object wave [12, 13]. As the
wave travels longer in waveguide, the object wave builded
up from the gradual wave leakage approaches more accu-
racy. The concept of holographic leakage engineering for
obtaining a desired object wave was proved by Sieven-
piper [5]. On 2-D holographic metasurfaces which are
designed to generate a tilted object wave, a cylindrical
surface wave launcher can be selected to excite the mod-
ulated surface impedance. Metalic patches can realize
the required surface impedance for holographic beam-
forming applying the modulation on patch dimensions.
The hexagonal metallic patch unit-cell can be chosen as
an isotropic unit-cell to realize the surface impedance.
For a center-fed leaky wave hologram, while the surface
impedance is realized with low resolution the object wave
construction is possible. However when the holographic
surface impedance is realized with high resolution the
radiation pattern tends to approach zero value at the
direction of object wave. This will be proved in next
section.
The surface wave that has opposite horizontal wave
number vector relative to the desired leaky wave is clas-
sified as the backward surface wave [12–14]. The wave
leakage corresponding to the backward surface wave in
a leaky wave system deviates from the leaked wave from
forward surface wave when the operating frequency leaves
the main design frequency [15, 16]. Therefore, the holo-
graphic leaky wave systems are capable of beamforming
in a narrow vicinity around the design frequency [17, 18].
Center-fed modulated surfaces have been always suffer-
ing from the single frequency operation [5]. In [15], side-
fed hologram is tried to overcome the problem, however,
induced current on the edges around the surface wave
launcher causes destructive effect on the generated ob-
ject wave. Rearranging cylindrical surface leaky wave in
a way that the forward surface wave participates more
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2than the non-forward surface wave in object wave form-
ing might be the most efficient way to provide wide-band
holograms. In case that the leaky wave holograms are
operable at frequencies except the preliminary design fre-
quency, the main beam starts to scan the elevation angle
[19]. This scannabality provided by the reflector-enabled
leaky wave metasurfaces, makes them a suitable choice
for frequency dependent scanning systems.
In this work, we combine the concept of the non-
forward surface wave redirection for ideal wave leakage
and the holography theorem. We propose parabolic sur-
face wave reflector for perfect non-forward mode suppres-
sion. The idea of a parabolic perfect electric conductor
(PEC) reflecting boundary located next to the cylindrical
surface wave launcher, makes the redirection of 2-D bessel
formed surface wave to almost 1-D forward surface wave
possible. With this technique, all the energy generated
by the cylindrical wave launcher is manipulated to par-
ticipate in the beamforming process as the forward leaky
mode. The theory of the holography is applicable to the
new design only considering the modified surface wave on
the metasurface with the presence of parabolic reflector.
Therefore, the resultant all-forward surface wave, pro-
vides a wide operating frequency band over 13-18 GHz.
The consequent scannabality of the elevation angle is ob-
tained. The absence of non-forward modes in the surface
wave exciting the holographic surface impedance, lets the
wave leakage to focus on object wave generation more ac-
curately than a conventional hologram. A gain above the
22dB is obtained for the reflector-enabled hologram over
the operating frequency. The antenna radiation scans the
elevation angle from 33◦ to 69◦.
II. HOLOGRAPHY PRINCIPLE
When a surface is illuminated by two electromagnetic
waves, they may interact with each other differently de-
pending on the capture point. The obtained interaction
is due to the reinforcing or canceling at various positions
on the surface [20]. The holography principle is based
on recording the intensity resulted from the interference
process. The theory says by exciting the recorded in-
terference using one of the waves participated in the in-
terference production, the other one will be constructed.
Reference wave ψref excites the recorded interference to
construct object wave ψobj . The reference and object
waves often stand for the input wave in forms of incident
wave and the scattered wave from the modulated surface,
respectively. However, in our application the reference
wave is surface wave traveling on the modulated surface
and the object wave is made of leakage through the path
which the reference wave moves on. The resultant inten-
sity of the two waves interaction is [21]:
I = |ψref + ψobj |2 (1)
After some simplifications the intensity will be:
I = |ψref |2 + |ψobj |2 + 2|ψref ||ψobj | cos(φref −φobj) (2)
φ indicates the wave phase value. We will use the surface
impedance parameter as the recorded interference of two
interacting waves. However, there may be other options
regarding to the wavelength. To represent the interfer-
ence in form of the surface impedance, the (2) can be
rewritten as:
Zs = jX0(1 +M ×<{ψrefψ∗obj}) (3)
Where X0 and M are average surface impedance and
modulation factor respectively. A monopole surface wave
launcher is suitable for exciting the surface impedance.
In fact, the monopole radiates like a long conducting wire
on the metasurface (z = 0). A long conducting wire car-
rying I = I0aˆz current, radiates TM wave propagating
in radial direction. For metasurface applications we of-
ten are interested in TM0 mode. Electric and magnetic
fields produced by a cylindrical surface wave launcher for
an isotropic surface impedance is:
Hz=0+ = JswH
(2)
1 (kswρ)(−φˆ) (4)
Ez=0+ = ZsJswH
(2)
1 (kswρ)ρˆ (5)
Therefore, the reference wave form can be treated as
H
(2)
1 (kswρ). The asymptotic evaluation of the reference
wave is:
H
(2)
1 (kswρ) = a0
√
2
pi
√
β2sw + α
2
swρ
e−jβswρe−αswρ (6)
Where ksw = βsw − jαsw and a0 is a complex constant
value. The surface impedance in (3) requires the inter-
active waves to be normalized. And finally the reference
wave can be written as [5]:
ψref = e
−jβswρ (7)
βsw can be approximated for small values of M as below
[22]:
<{ksw} = βsw = k0
√
1 +X20 (8)
We are seeking for generating an object wave which prop-
agates in θ0 and φ0 spherical angles direction. The object
wave expression in the desired direction is defined as:
ψobj = e
−j(kx sin θ0 cosφ0+ky sin θ0 sinφ0) (9)
The surface impedance pattern in this case is:
Zs = jX0(1 +M sin(βswρ− k0x sin θ0 cosφ0−
k0y sin θ0 sinφ0)− ψ0 + pi
2
)
(10)
ψ0 is the phase of a0 in (6). Electric aperture field just
above the interactive surface impedance is [18]:
Eapr = ρˆEρ0e
−j(kx sin θ0 cosφ0+ky sin θ0 sinφ0)e−j(ψ0−
pi
2 )×√
2
pi
√
β2sw + α
2
swρ
′ e
−jβswρ′e−αswρ
′
(11)
3It should be noted that Eρ0 amplitude and ψ0 phase are
specified by the source parameters. The primed letters
are used to avoid misconception in the following analysis.
The electric aperture field is obtained in a way that the
attenuation constant αsw represents the wave leakage.
For a radiative aperture, the far-zone electric field is [23]:
Efar(r, θ, φ) ≈ jk
2pir
e−jkr(fθ θˆ + fφφˆ) (12)
fθ(θ, φ) = fx cosφ+ fy sinφ,
fφ(θ, φ) = cos θ(−fx sinφ+ fy cosφ)
fx =
∫ a
0
∫ 2pi
0
(Eapr.xˆ)e
jk(X0 sin θ cosφ+y
′ sin θ sinφ)ρ′dφ′dρ′
(13)
fy =
∫ a
0
∫ 2pi
0
(Eapr.yˆ)e
jk(X0 sin θ cosφ+y
′ sin θ sinφ)ρ′dφ′dρ′
(14)
Here we explore the electric field at the object wave direc-
tion θ0 and φ0. To fulfill this aim, derivations of fθ(θ0, φ0)
and fφ(θ0, φ0) are necessary. Substituting Eapr in (13)
and (14) results:
fθ(θ0, φ0) =
∫ a
0
∫ 2pi
0
Eρ0e
−jψ0
√
2
pi
√
β2sw + α
2
swρ
′
×e−αswρ′ cos(φ′ − φ0)ρ′dφ′dρ′
(15)
fφ(θ0, φ0) =
∫ a
0
∫ 2pi
0
Eρ0e
−jψ0
√
2
pi
√
β2sw + α
2
swρ
′
×e−αswρ′ sin(φ′ − φ0)ρ′dφ′dρ′
(16)
The above integrations simply lead to zero meaning that
the electric field vanishes at θ0 and φ0 which was the
direction expected to propagate the object wave. Fig.1
shows the distributed pattern for a symmetric conven-
tional center-fed hologram.
FIG. 1: The distributed 2-D radiation pattern of the
high resolution conventional radiative hologram illustrat-
ing the undesired null in object wave direction at the
far-zone electric field pattern.
The antenna is designed to radiate at θ0 = 45
◦ and
φ0 = −90◦ at 18 GHz. As it is obvious, the holography
theorem is unable to predict the null at the disign di-
rection for a high resolution realized hologram at design
frequency. The structure is designed based on the proce-
dure intoduced in [5] using hexagonal unit-cells, which is
even more isotropic compared to the rectangular patch
[24], to realize the surface impedance. To achieve proper
accuracy the side length of the hexagonal unit-cell is set
to 1.7mm. The integrations (15) and (16) are valid for
a practical structure in case that the descretization res-
olution is high enough, otherwise the null at the design
direction may disappear[19]. Also, for holograms which
avoid utilizing center-fed surface wave launcher, the null
disappears due the disruption in surface wave distribu-
tion symmetry. Another design to remove the null is to
form compensating phase correction by enforcing man-
ual phase discontinuity on the surface impedance distri-
bution [25, 26]. All the suggestions offered to improve
hologram operation are only at a narrow frequency band
in the vicinity of the design frequency.
The holographic leaky wave radiators are extremely
restricted by frequency variation. Holographic anten-
nas are often designed to generate object wave at a sin-
gle frequency. However, a practical advantage of leaky
wave radiators is the scannability over a frequency range.
A physical interpretation of the limited operation fre-
quency of holograms is a destructive effect called Rab-
bit’s ears phenomenon [15]. On a 1-D x-directed leaky
wave radiator fed using a surface wave launcher produc-
ing ψref = e
−jβ|x| with sinuously modulation aimed to
radiate in a tilted direction θ0, the periodicity of the sur-
face impedance is different on forward and backward re-
gions of the surface impedance. While the forward re-
gion is modulated to let the surface wave leaks at θ0,
the backward region should be designed for beamforming
at 90◦ + θ0. Then the surface impedance on the back-
ward region needs to be modulated with lower periodicity
than the forward region. The situation is ideal for oper-
ation at design frequency f0. However, the wave leakage
directions for each of the forward-region generated and
backward-region generated waves show different propa-
gation directions when the surface wave launcher starts
to operate at a frequency slightly lower than f0. For a
launcher operating at f0− δf , the forward and backward
leaky waves propagate at θ0 − δθf and θ0 + δθb, respec-
tively (as illustrated in Fig.2). By altering the frequency
to other values except f0, the surface wave fronts on two
sides of the wave launcher face surface impedance steps
forcing the surface waves on each side to leak in different
directions. The resulted beams deviated from each other
are like rabbit’s ears and the phenomenon is called after
that [15].
4FIG. 2: Comparison of leaky waves from forward and
backward surface waves on a 1-D metasurface.
This destructive effect of non-forward leaky waves at
frequencies except design frequency on total radiated ob-
ject wave can be generalized to 2-D leaky wave meta-
surfaces. Metasurfaces using monopole wave launcher
radiate cylindrical surface wave fronts propagating along
ρ direction. Considering Fig.3, For a holographic meta-
surface aimed to produce a tilted object wave, project a
picture of the object wave propagation path on the meta-
surface. The projected picture on the metasurface is the
path which ideal forward surface leaky wave is travel-
ling on the waveguiding metasurface; showed in green on
the metasurface in Fig.3. Moving on azimuth direction
apart from the forward surface leaky wave, the destruc-
tive effect of the Rabbit’s ears phenomenon increases un-
til the worst case occurs for all-backward surface leaky
wave path showed in red.
FIG. 3: Forward and backward surface leaky waves for
a 2-D hologram supporting cylindrical surface wave ex-
citation
Therefore, any non-forward surface leaky wave cause
destructive effect on bandwidth of the radiator. The con-
ventional holograms use cylindrical wave launcher and
leaky wave metasurfaces in microwaves and the presence
of non-forward surface leaky waves is the reason of their
highly narrow operating frequency.
A parabolic reflector illuminated by a cylindrical wave
launcher placed at the focal point of the parabola is a ge-
ometry that collimates incoming waves to parallel waves
propagating in a single direction. The concept can be
utilized to overcome the or Rabbit’s ears phenomenon in
leaky wave holograms. Referring to Fig.4, half of the ra-
diated waves in x < f region are all redirected in forward
surface leaky wave direction and rest of the leaving waves
from monopole radiator in x > f region are also chang-
ing their propagation path as they get reflected from the
parabolic reflector. Thus, almost all of the surface leaky
waves are collimated into the ideal forward surface leaky
waves. It is important to notice that the power of the
non-forward surface leaky waves is not eliminated; we are
converting what was thought to be destructive for radia-
tion characteristics of radiative holograms into ideal form
of surface leaky waves.
FIG. 4: Illustration of the scattered rays leaving a
monopole radiator located at the focal point of parabolic
PEC boundary.
III. METASURFACE DESIGN
We introduce a reflector-enabled holographic metasur-
face. Placing a reflector next to the cylindrical surface
wave launcher can break the symmetry of the surface
wave configuration and results a null-free pattern at the
design frequency f0. On the other hand, by choosing the
reflector profile as a parabolic surface wave reflector with
a cylindrical surface wave launcher at the focal point (f)
of the parabola, the whole metasurface can be treated
as a bundle of 1-D of leaky wave radiators which pro-
vide considerable scannability property due to the per-
fect redirecting of almost all non-forward surface waves.
Therefore, highly improved beam-width and directivity
over a wide frequency range are predicted in compari-
son with conventional holographic antennas. The pre-
liminary holographic reference wave can be assumed (5)
when the parabolic reflector is not located on the struc-
ture. After embedding the parabolic reflector next to the
surface wave launcher, the holographic reference wave is
modified. The parabolic PEC boundary follows the equa-
tion:
x =
1
4f
y2 (17)
Fig.4 provides an insight into the holographic reference
wave configuration after the placement of the parabolic
5reflector on the hologram using ray optics. The cylindri-
cal rays leaving the monopole surface wave launcher are
collimated into a x-directed bundle of rays [23]. These
secondary reflected rays are all in-phase after passing the
x = f vertical line. Therefore, ignoring the wave function
in small area between x = 0 and x = f lines, the refer-
ence wave at the other areas of the 2-D hologram can be
assumed to be planary in-phase surface waves. For the
sake of higher accuracy in reference wave estimation, the
simulation results are used to form the surface impedance
using COMSOL Multiphysics [27].
Knowing the reference and object waves leads to 2-D
distribution of the surface impedance (Zs) using equation
(3). Once the surface impedance is derived, the theory
for wave reconstruction is done. The resulted 2-D surface
impedance distribution in presence of parabolic reflector
is shown in Fig.5.
FIG. 5: Schematic 2-D distribution of the surface
impedance on a parabolic reflector-enabled hologram.
The theoretical holographic surface impedance needs
to be realized to be practically capable of beamform-
ing. We choose the hexagonal patch printed on the di-
electric slab for the unit-cell, playing the role of surface
impedance. The patch size needed for realizing the sur-
face impedance is shown in Fig.6. For our application
the total hexagonal unit-cell side length is chosen 1.7mm
and the dielectric substrate electric permittivity is 3.55
with a thickness of 1.524mm.
FIG. 6: The surface impedance imaginary value as a
function of patch side length (ap).
The modulation factor M in (3) determines the depth
of sinuously space-dependent variations around the av-
erage surface impedance and it controls the attenuation
constant α. By defining M on low values, the surface
wave obtains enough travel length on the surface and
gradual wave leaking with proper accuracy. In contrast,
choosing high values for M and consequent larger sinu-
ously variations on the modulated surface make the sur-
face wave leave the surface in a short amount of length
that the surface wave travels on. Therefore, the leak-
ing procedure does not acquire enough space and time to
form the object wave with desired accuracy. High side-
lobe levels are observed in this case. However, choos-
ing very small values for M reduces the attenuation con-
stant along the traveling path and object wave construc-
tion requires long traveling path. Therefore, there is a
trade off between the object wave accuracy and practical
waveguiding path length. We chose M = 0.35 for our
application. Since the parabolic reflector-enabled leaky
wave metasurface collimates the surface wave, the sur-
face leaky wave can be treated as array of unidirectional
forward surface leaky waves. The radiation directivity
for such a structure is[12]:
D ∝ β⊥(−1)
α‖(−1)
=
√
ω2µ00 − (κ+ 2pi(−1)d )2
α‖(−1)
(18)
Where κ is the fundamental harmonic of parallel propa-
gation parameters including fundamental phase constant
β‖(0) and attenuation constant α‖(0) (κ = β‖(0)− jα‖(0)).
d is a period of the modulated surface impedance. β⊥(−1)
is the phase constant of the leaked wave and α‖(−1) is
the attenuation constant of wave in waveguiding meta-
surface.
As the modulation factorM increases, the surface wave
tends to radiate sooner while traveling on the metasur-
face and the attenuation constant α‖(−1) increases, which
causes lower directivity value and object wave accuracy.
Therefore, higher side-lobe levels are expected while the
antenna scans the elevation angle.
Discretizing the 2-D surface impedance into subdo-
mains each assigned to a certain surface impedance value
is needed for practical realization. The hexagonal patches
with different sizes show different value of average surface
impedance. Therefore, the whole discretized 2-D sur-
face impedance distribution can be synthetized using the
corresponding hexagonal unit-cell for each subdomain.
Fig.7, shows the fully synthesized model of the surface
impedance.
6FIG. 7: Fully synthesized surface impedance for the holo-
graphic antenna with a parabolic surface wave reflector.
To illustrate the concept some radiation characteris-
tics of the conventional and proposed parabolic reflector-
enabled holographic metasurface radiator both fed by
cylindrical surface wave launchers are compared. The
object wave direction and design frequency are assumed
to be θ0 = 70
◦ and f0 = 18GHz for both holograms.
This selection of θ0 provides scanning property by fre-
quency decrease. To compare the effect of non-forward
surface leaky waves on hologram operating bandwidth,
the distributed 2-D radiation patterns at f = 17GHz are
posed in Fig.8. Both holograms use hexagonal unit-cells
to realize the surface impedance.
FIG. 8: Comparison of simulated [28] 2-D patterns of
conventional(a) and parabolic reflector-enabled(b) holo-
graphic radiators at f0 − δf(17GHz).
As it is clear in Fig.8, the non-forward surface leaky
waves significant destructive effect on the object wave
makes the radiation pattern unacceptable for the con-
ventional hologram. In contrast, the hologram using
parabolic reflector by redirecting the non-forward sur-
face leaky waves into forward ones achieves a main-lobe
magnitude of 22.9dB at f = 17GHz while the con-
ventional hologram reaches 15dB. Fig.9 illustrates how
the proposed hologram maintains highly directive over
13− 18GHz.
FIG. 9: Full-wave simulation of the conventional and pro-
posed holograms with respect to frequency.
By lowering the operating frequency, the hologram
tends to scan θ angle and θscan = 60.0
◦ is obtained for
f = 17GHz.
IV. EXPERIMENTAL RESULTS
A holographic surface impedance calculated for ob-
ject wave generation at θ0 scans the elevation angles
by frequency variation. After surface impedance real-
ization, the surface impedance 2-D distribution remains
unchanged for all reference wave frequencies. When the
monopole radiator frequency is set to a lower value than
f0, the realized surface impedance is then corresponding
to an object wave propagating along a direction nearer
to the normal axis to the metasurface plane (lower value
of elevation angle θ0). The story is also true when the
monopole radiator frequency is set at larger frequencies
than f0 and the elevation angle will be at a larger angle
than θ0. Therefore, a major facility provided by wide-
band holographic metasurfaces is elevation angle scan-
ning. The wide-band holographic metasurface with the
parabolic reflector needs to be realized using hexagonal
unit-cells. Fig.10 represents the fabricated prototype of
the parabolic reflector-enabled hologram. The structure
includes two layers, the waveguiding metasurface and the
surface wave reflector. The metasurface is realized using
hexagonal unit-cells and the parabolic reflector is realized
by metalized via holes mimicking the role PEC bound-
ary condition. While the periodic vias with a period of
smaller than twice the length of the vias diameter are
utilized as the PEC reflector, the bandgap prevents the
7incoming waves to penetrate from the vias in microwave
regime [29]. Since the wave is coupled to the surface, a
PEC reflecting boundary with finite height suffices the
desired reflection conditions. However, the ideal results
may be obtained when the reflector height is infinitely
extended. Considering the practical conditions, the re-
flector height is chosen 1.6mm
FIG. 10: Experimental setup of the proposed holographic
metasurface aimed to generate a tilted object wave.
The radiation pattern results for the simulation and
measurement over a frequency range of 13-18 GHz are
shown in Fig.11. The simulation and measurement re-
sults have proper agreement indicating the wide-band el-
evation angle scanning from 33◦ to 69◦. This enables a
good scanning application in microwave radar and com-
munication systems instead large phased-array antennas.
FIG. 11: Simulation(solid lines) and measure-
ment(dashed lines) results for normalized directivity of
the parabolic reflector-enabled holographic antenna.
V. CONCLUSION
In this paper, we explore the holography theorem
for leaky wave metasurfaces using surface wave reflec-
tors. Leaky wave holographic metasurfaces can be im-
plemented for beamforming in a specific direction. By
placing a surface wave reflector on a holographic sur-
face, the reference wave modification is necessary. There-
fore, the holographic surface impedance distribution is
modified depending on the reflector geometry. Full-wave
calculation of the surface impedance in presence of the
reflector can overcome the restriction to closed-form 2-
D scattered fields known for certain reflector geometries
and any arbitrary-shaped reflector profile can be chosen
to be place on a radiative hologram. Also, full -wave cal-
culation has priority to any approximation of the surface
impedance.
The conventional center-fed holographic antennas are
unable of beamforming at the object wave direction when
the surface impedance is realized with high accuracy
and resolution. It is shown analytically that there is a
null in radiation pattern of the high resolution conven-
tional holograms at the design frequency. Apart from
design frequency, the destructive effect non-forward sur-
face leaky wave or the Rabbit’s ear phenomenon causes
restricted frequency bandwidth. The utilization of sur-
face wave reflector can remove the null from the radiation
pattern by changing the symmetrical distribution of ref-
erence wave. Parabolic surface wave reflector can redirect
the non-forward surface wave and provide considerable
operating bandwidth. On the other hand, due to the sur-
face wave confinement resulted from reflector embedding
on the metasurface, the diffraction effect of 1-D leaky
wave structures are suppressed and better side-lobe level
is obtained. In addition, in some application due to the
lack of space or other reasons the presence of a reflector
on the radiative surface is inevitable. The antenna using
the parabolic reflector is enabled for frequency scanning
which is confirmed by simulation and measurment. The
directivity at different frequencies within the operating
bandwidth of the proposed antenna is highly improved
compared to the conventional hologram.
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